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D7HPSHUDWXUHSURILOHVPHDVXUHGGXULQJWKHGULOOLQJRIWKHGHHSHVWZHOOVDW&DPSL)OHJUHL>@EVFKHPHRIWKHGRXEOHSLSH
$VLQPDQ\VLPLODUDSSOLFDWLRQVLVREXWDQHZDVFKRVHQDVWKHRUJDQLFZRUNLQJIOXLG,QDOOWKHVLPXODWLRQVWKHVDPH
IOXLGLQOHWFRQGLWLRQVRIEDUDQG&ZHUHFRQVLGHUHG
'HYHORSPHQWRIWKHPRGHO
$FRXSOLQJEHWZHHQD'PRGHODQGD'D[LV\PPHWULFPRGHOZDVFRQFHLYHGWRGHVFULEHWKHWUHQGVRIWKHKHDW
H[FKDQJHLQWKHSLSHDQGLQWKHVXEVRLOUHVSHFWLYHO\$IXOO\'DSSURDFKZRXOGKDYHLQFUHDVHGWKHFRPSXWDWLRQDO
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WLPHZLWKRXWOHDGLQJWRDQDFWXDOLQFUHDVHRIWKHDFFXUDF\RIWKHUHVXOWV7KHFRXSOLQJZDVUHDOL]HGE\XVLQJWKHRXWSXW
RIHDFKFDOFXODWLRQDVDERXQGDU\FRQGLWLRQRIWKHRWKHU,QSDUWLFXODUWKHSLSHZDOOWHPSHUDWXUHZDVXVHGWRHVWLPDWH
WKHKHDWIORZFRHIILFLHQWDQGWKHIOXLGWHPSHUDWXUHZLWKLQWKHSLSH7KHVHTXDQWLWLHVZHUHXVHGLQWKH'D[LV\PPHWULF
DSSURDFKWRHVWLPDWHWKHVXEVRLOWHPSHUDWXUHDQGWKHZDOOWHPSHUDWXUHLQWKHQH[WWLPHVWHS7KHSURFHGXUHDOORZHG
WKHGHVFULSWLRQRIWKHWUDQVLWRU\FRQGLWLRQLQZKLFKWKHGRXEOHSLSHRSHUDWHIURPWKHLQLWLDOFRQGLWLRQWRWKHVWHDG\
VWDWH
3.1. 1D model 
7KHH[FKDQJHUPRGHOZDVGHYHORSHGE\XVLQJ((6(QJLQHHULQJ(TXDWLRQ6ROYHU7RSHUIRUPWKHFDOFXODWLRQWKH
GRXEOHSLSHZDVGLYLGHGLQWRDILQLWHQXPEHURIVXESRUWLRQVZKHUHWKHDQDO\VLVZDVGHYHORSHGVXEVHTXHQWO\7KH
WKHUPDO IOX[ ZDV FRQVLGHUHG SURSDJDWLQJ RQO\ LQ WKH UDGLDO GLUHFWLRQ ZKHUHDV WKH KHDW H[FKDQJHG EHWZHHQ WZR
FRQVHFXWLYHYROXPHVZDVQHJOHFWHG,QHDFKYROXPHWKHFRQWLQXLW\HQHUJ\DQGPRPHQWXPHTXDWLRQVZHUHVROYHG
LWHUDWLYHO\)LJ


)LJ6FKHPDWLFRIDFDOFXODWLRQYROXPH
7KHFRQWLQXLW\HTXDWLRQFDQEHH[SUHVVHGDV(TDQG
OUToutOUToutOUTOUTinOUTinOUT AwAw  ρρ =   
INoutINoutININinINinIN AwAw  ρρ =   
ZKHUHȡLVWKHGHQVLW\RIWKHIOXLGwWKHYHORFLW\DQGALVWKHSDVVDJHDUHDLQWKHWZRFRQFHQWULFSLSHV
7KHHQHUJ\HTXDWLRQKDVWZRGLIIHUHQWFRQWULEXWHV,QWKHH[WHUQDOSLSHZKHUHWKHIOXLGIORZVGRZQWKHKHDWEDODQFH
LVGHVFULEHGE\(TZKLOHLQWKHLQWHUQDOSLSHZKHUHWKHIOXLGIORZVXSE\(T
outinOUTinOUT QQhm +=Δ   
outINinIN Qhm =Δ   
ZKHUHQinDQGQoutDUHWKHKHDWH[FKDQJHGDQG
  inOUToutOUTOUTOUT TTcph −=Δ   
  outINinINININ TTcph −=Δ   
198   G. Galoppi et al. /  Energy Procedia  81 ( 2015 )  193 – 204 
ZKHUHcpZDVFDOFXODWHGE\XVLQJDPHDQYDOXHRIpDQGTEHWZHHQWKHLQOHWDQGWKHRXWOHWRIHDFKVXESRUWLRQQin
DQGQoutDUH
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ZKHUHWKHWHUPVRdRpRaDQGRiUHSUHVHQWWKHWKHUPDOUHVLVWDQFHVRIWKHIOXLGGHVFHQGLQJLQWKHRXWHUSLSHRIWKH
RXWHUSLSHVWDLQOHVVVWHHORIWKHIOXLGDVFHQGLQJLQWKHLQQHUSLSHDQGRIWKHLQVXODWLRQRIWKHLQQHUSLSHUHVSHFWLYHO\
7KH WHPSHUDWXUH RI WKH URFNV LV LPSRVHG VWHS E\ VWHS DORQJ WKH ZKROH KHDW H[FKDQJHU E\ FRQVLGHULQJ WKH '
D[LVLPPHWULF FDOFXODWLRQ $V IRU WKH WKHUPDO UHVLVWDQFHV RI WKH IOXLG WKH FRQYHFWLYH KHDW WUDQVIHU FRHIILFLHQW LV
FDOFXODWHGIURP1XVVHOWQXPEHUDVVKRZQLQ(T
hD
NuHTC λ∗=   


5H3U fNu =   
5H −=f   
ZKHUHȜLVWKHWKHUPDOFRQGXFWLYLW\RIWKHIOXLGSURYLGHGE\WKHLQWHUQDOVRIWZDUHOLEUDU\Nu LVHVWLPDWHGIURPWKH
&KLOWRQ&ROEXUQIRUPXODWLRQIRU WXUEXOHQW IORZLQDSLSHDVVKRZQLQ(TDQG f LV WKHIULFWLRQIDFWRUIRUD ORZ
URXJKQHVVSLSH>@7KHVHFRUUHODWLRQVDUHDSSOLHGLQERWKWKHLQQHUDQGWKHRXWHUSLSH7KHK\GUDXLOLFGLDPHWHUDh
RIWKHGRZQZDUGIORZLVJLYHQE\WKHGLIIHUHQFHRIWKHWZRGLDPHWHUVDFFRUGLQJWR>@ZKLOHIRUWKHXSZDUGIORZLW
LVVLPSO\WKHLQQHUGLDPHWHU
7KHPRPHQWXPHTXDWLRQIRUWKHJHRPHWU\SURSRVHGLV(T
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ZKHUHpLVWKHVWDWLFSUHVVXUHRIWKHZRUNLQJIOXLGDQGXLVWKHGHSWKZKHUHWKHSUHVVXUHLVFDOFXODWHG7KHODVWWHUP
UHSUHVHQWVWKHGLVWULEXWHGSUHVVXUHORVVHVDORQJWKHSLSH(TLVZULWWHQIRUWKHRXWHUSLSHEXWWKHVDPHHTXDWLRQ
FDQEHFRQVLGHUHGWRWKHLQQHUSLSH
7KHDFFXUDF\RI WKHPRGHO LQFUHDVHVZLWK WKHQXPEHURI WKHFRQWUROYROXPHV6LQFH((6VKRZVD OLPLWRQ WKH
QXPEHURIWKHYDULDEOHVWREHSURFHVVHGLQWKLVVWXG\WKHGRXEOHSLSHZDVGLYLGHGLQFRQWUROYROXPHVHDFKRQH
FRUUHVSRQGLQJWRP
3.2. 2D axisymmetric model 
7KHKHDWH[FKDQJHWKURXJKWKHVXUURXQGLQJURFNZDVPRGHOHGZLWKD'D[LV\PPHWULFDSSURDFKE\XVLQJ)/8(17
DVFDOFXODWLRQFRGHZLWKD F\OLQGULFDO FRRUGLQDWH V\VWHP2QO\FRQGXFWLYHKHDW WUDQVIHUZDVDVVXPHG WKURXJK WKH
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VXUURXQGLQJURFNV(TWKDWZHUHFRQVLGHUHGDVDKRPRJHQRXVUHJLRQZLWKRXWKHDWYROXPHWULFVRXUFHVDQGUHODWLYH
PRWLRQV)RXULHU¶VHTXDWLRQ'XHWRWKHKLJKDVSHFWUDWLRRIWKHJHRPHWU\WKHGRXEOHSUHFLVLRQVROYHUZDVXVHG>@
7KHVHFRQGRUGHUXSZLQGGLIIHUHQFLQJVFKHPHZDVXVHGWRHVWLPDWHWKHHQHUJ\HTXDWLRQGHVSLWHDJUHDWHUFDOFXODWLRQ
WLPH
 Th
t
∇∇= λρδ
δ
  
7KHFRPSXWDWLRQDOGRPDLQLVUHFWDQJXODUVKDSHGDQGWKHGLPHQVLRQVDUHPIRUWKHKRUL]RQWDOVLGHDQGP
IRUWKHYHUWLFDOVLGH7KHVHYDOXHVKDYHEHHQSURYHQWREHVXIILFLHQWWRDYRLGWKHLQIOXHQFHRIERXQGDULHVRQWKHUHVXOWV
7KDQNVWRWKHUHJXODULW\RIWKHJHRPHWU\WKHTXDGUDQJXODUVKDSHRIWKHFHOOVKDYHEHHQFKRVHQ'XHWRWKHYHU\ORZ
WKHUPDOJUDGLHQWDORQJWKHGHSWK&P WKHKHLJKWRI WKHFHOOVFDQEHJUHDWHU WKDQWKDWDGRSWHGLQD W\SLFDO
SUREOHPRIKHDWWUDQVIHU$IWHUSHUIRUPLQJDPHVKVHQVLWLYLW\DJULGZLWKÚFHOOVDORQJWKHGHSWKFP
KLJKDQGFHOOVDORQJWKHUDGLDOGLUHFWLRQZDVDGRSWHG7KHWHPSHUDWXUHJUDGLHQWLQWKHVSHFLDOGRPDLQGHFUHDVHV
JUDGXDOO\IURPWKHRXWVLGHSLSHVXUIDFHVWRWKHIDUILHOG7KHUHIRUHWKHFHOOVL]HFKDQJHVIURPPPFORVHWRWKH
WXEHWRPPDWWKHH[WHUQDOERXQGDU\$IXUWKHULQFUHDVHRIWKHQXPEHURIFHOOVOHGRQO\WRDQLQFUHDVHRIWKH
FDOFXODWLRQWLPHZLWKRXWDQLPSURYLQJRI WKHDFFXUDF\7KHWLPHVWHSLQ WKHWUDQVLHQWVLPXODWLRQZDVWKRI WKH
ZKROHSHULRGRIWUDQVLHQWDQDO\VLV$VHQVLWLYLW\DQDO\VLVVKRZHGWKDWDQLQFUHDVHRIWKHQXPEHURIFDOFXODWLRQVWHSV
GLGQRWOHDGWRDQLQFUHDVHRIWKHDFFXUDF\
3.3. Coupling between 1D and 2D models 
6WDUWLQJIURPWKHLQLWLDOVXEVRLOWHPSHUDWXUHGLVWULEXWLRQWKH'PRGHOZDVDGRSWHGWRHVWLPDWHWKHIOXLGRSHUDWLQJ
FRQGLWLRQLQHDFKYROXPHDORQJWKHSLSH7KHUHVXOWLQJFRQYHFWLYHKHDWWUDQVIHUFRHIILFLHQWVDQGIOXLGWHPSHUDWXUHV
ZHUHFRQVLGHUHGDVERXQGDU\FRQGLWLRQLQWKH'D[LV\PPHWULFDSSURDFKZKHUHDWUDQVLWRU\DQDO\VLVZDVSHUIRUPHG
IRUDJLYHQSHULRGRIWLPH2QFHWKHFDOFXODWLRQZDVFRQFOXGHGWKHQHZVXEVRLOWHPSHUDWXUHGLVWULEXWLRQZDVXVHGLQ
WKH'PRGHO)LJD


)LJD'HILQLWLRQRIWKHERXQGDU\FRQGLWLRQVEFRPSOHWHVFKHPHRIWKHFRXSOLQJ
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$0$7/$%URXWLQHZDVGHYHORSHGWRFRXSOHWKHWZRPRGHOVDQGPDQDJHWKHSDVVDJHRIGDWDEHWZHHQWKHP$V
H[WHUQDOERXQGDU\FRQGLWLRQWKHORFDOWHPSHUDWXUHGLVWULEXWLRQZLWKWKHGHSWKZDVDSSOLHGWRWKHVXEVRLO$WWKHWRS
DQGWKHERWWRPRI WKHGRPDLQFRQVWDQWYDOXHVRI WHPSHUDWXUHZHUHVHWXS,Q)LJEWKHFRPSOHWHVFKHPHRI WKH
FRXSOLQJLVVKRZQ
7KHFULWLFDOSRLQWRIWKLVPRGHOZDVWKHFKRLFHRIWKHSHULRGRIHDFKWUDQVLHQWVLPXODWLRQ7KHYDOXHLVDFRPSURPLVH
EHWZHHQWKHDFFXUDF\RIWKHWUDQVLHQWEHKDYLRUDQGWKHFDOFXODWLRQWLPH6LQFHDIWHUWKHLQLWLDOVWHSVWKHKHDWIOX[HV
SURJUHVVLYHO\GHFUHDVHDQGWKHERXQGDU\FRQGLWLRQVEHFRPHPRUHFRQVWDQWWKHSHULRGRIDQDO\VLVFDQEHSURJUHVVLYHO\
LQFUHDVHG:LWKWKLVJRDOLQPLQGDUHODWLRQWKDWFRXSOHVWKHGXUDWLRQRIWKHWUDQVLHQWDQDO\VLVZLWKWKHLQYHUVHRIWKH
KHDWH[FKDQJHGGXULQJWKHSUHYLRXVDQGFXUUHQWDQDO\VLVZDVFKRVHQ(T


−
− Δ=Δ n
n
n
n tQ
Qkt   
ZKHUHQn-1DQGQnDUHWKHKHDWH[FKDQJHDWWKHSUHYLRXVDQGWKHFXUUHQWDQDO\VLVUHVSHFWLYHO\DQGkLVDFRQVWDQW
7KHFRQVWDQWNZDVLQWURGXFHGWRDFFHOHUDWHWKHFDOFXODWLRQDQGWRUHGXFHWKHFRPSXWDWLRQDOWLPH7KHORZHULVLWV
YDOXH WKH JUHDWHU LV WKH FDOFXODWLRQ DFFXUDF\ DQG WKH FRPSXWDWLRQDO FRVWV&DOFXODWLRQV DIWHU  GD\ RI WKH V\VWHP
RSHUDWLRQZLWKGLIIHUHQWYDOXHVRIkZHUHFDUULHGRXW,Q)LJWKHGLIIHUHQFHVRIWKHKHDWH[FKDQJHGDQGWKHQXPEHU
RIDQDO\VHVIRUDFKLHYLQJWKLVLQVWDQWWLPHUHIHUHHGWRWKHYDOXHVFDOFXODWHGZLWKWKHORZHUYDOXHRINDQDO\]HGLQWKLV
VWXG\HTXDO WRDUHVKRZQ,QWKLVVWXG\WKHYDOXHRINHTXDO WRZDVFKRVHQDVD WUDGHRIIEHWZHHQWKH
DFFXUDF\DQGWKHYHORFLW\RIWKHFDOFXODWLRQ


)LJ+HDWH[FKDQJHGDQGQXPEHURIDQDO\VHVDIWHUWKHILUVWGD\ZLWKGLIIHUHQWYDOXHVRIN
$QDO\VLVRIWKHUHVXOWV
7KHILUVWDQDO\VLVFDUULHGRXWZDVWKHHVWLPDWLRQRI WKHWKHUPRG\QDPLFSURSHUWLHVRI WKHIOXLGLQ WKHH[FKDQJHU
GXULQJWKHRSHUDWLRQ7KHUHVXOWVDUHSUHVHQWHGLQWHUPVRIIOXLGWHPSHUDWXUHDQGSUHVVXUHDORQJWKHSLSHDIWHU
 DQGGD\VZLWK DPDVV IORZ UDWH RI NJV'XULQJ WKH WUDQVLHQW WLPH WKHZRUNLQJ IOXLG UHDFKHVGLIIHUHQW
FRQGLWLRQVEHFDXVHWKHWHPSHUDWXUHRIWKHURFNVLQFRQWDFWZLWKWKHWXEHFKDQJHVGXULQJWKHRSHUDWLRQ,Q)LJDWKH
IOXLGWHPSHUDWXUHWUHQGVDORQJWKHSLSHDUHVKRZQ,QWKHGHVFHQGLQJZD\WKHWHPSHUDWXUHLQFUHDVHVUDSLGO\XSWRWKH
PD[LPXPYDOXHUHDFKHGDWWKHERWWRPRIWKHSLSH7KHWHPSHUDWXUHLQWKHDVFHQGLQJZD\GHFUHDVHVJUDGXDOO\EHFDXVH
RIWKHORZKHDWWUDQVIHUUDWHGXHWRWKHSUHVHQFHRIWKHLQVXODWLRQRQWKHLQWHUQWXEH7KHGLIIHUHQWIOXLGWHPSHUDWXUHV
DUHGXHWRWKHGHFUHDVHRIWKHVXUURXQGLQJURFNVWHPSHUDWXUHGXULQJWKHWUDQVLHQWWLPH
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$VVKRZQLQ)LJEWKHSUHVVXUHDORQJWKHSLSHLQFUHDVHVLQWKHYHUWLFDOGLUHFWLRQEHFDXVHRIWKHFRQWULEXWLRQRI
WKHK\GURVWDWLFKHDG7KHYDOXHVUHDFKHGDWWKHERWWRPEHFRPHKLJKHUGXULQJWKHRSHUDWLRQGXHWRWKHUHGXFWLRQRIWKH
WHPSHUDWXUHWKDWPHDQVDQLQFUHDVHRIWKHGHQVLW\,WLVZRUWKQRWLFLQJWKDWWKHSRVLWLRQRIWKHSKDVHWUDQVLWLRQZKHUH
WKHFXUYHVKRZVDVLJQLILFDQWVWHSPRYHVWRZDUGWKHRXWSXWVHFWLRQGXULQJWKHRSHUDWLRQ


)LJ7HPSHUDWXUHDDQGSUHVVXUHESURILOHLQWKHGRXEOHSLSHIRUWUDQVLHQWWLPHVHTXDOWRDQGGD\V
7KHVRLO WHPSHUDWXUHFKDQJHVFRQWLQXDOO\GXULQJWKHWUDQVLHQW WLPHDVVKRZQLQ)LJ'XHWR WKHKHDW WUDQVIHU
EHWZHHQWKHVRLODQGWKHH[FKDQJHUWKHUDGLXVRILQIOXHQFHZKLFKLQGLFDWHVWKHUDGLXVZKHUHWKHWHPSHUDWXUHRIWKH
URFNV LV XQGLVWXUEHGJURZV ,QLWLDOO\ WKH LVRWKHUPVDUHSDUDOOHO WR WKH VXUIDFH DQGEHQGQHDU WKHKHDW H[FKDQJHU
$IWHUZDUGWKHUDGLXVRILQIOXHQFHLQFUHDVHVXQWLODQHTXLOLEULXPFRQGLWLRQZKHQWKHKHDWIORZDEVRUEHGE\WKHGRXEOH
SLSHPDWFKHV WKHKHDW IORZFRPLQJIURP WKHVXUURXQGLQJURFNV LVDFKLHYHG ,Q WKHSUHVHQW VWXG\DIWHU\HDU WKH
HTXLOLEULXPFRQGLWLRQLVDFKLHYHGFRUUHVSRQGLQJWRDPORQJUDGLXVRILQIOXHQFH,QWKHOLWHUDWXUHWKH&KDUQ\L¶V
FRUUHODWLRQLVXVXDOO\XVHGWRHVWLPDWHWKHUDGLXVRILQIOXHQFHLQFDVHRI'PRGHOLQJ>@>@DVDIXQFWLRQRIWKH
WUDQVLHQWWLPH,QWKLVFDVHWKHFRUUHODWLRQZRXOGKDYHHVWLPDWHGDUDGLXVRILQIOXHQFHRIDERXWPDERXWORZHU
WKDQWKDWFDOFXODWHGZLWKWKHSURSRVHGFRPELQHGPRGHO


)LJ7HPSHUDWXUHILHOGLQWKHVXEVRLOIRUWUDQVLHQWWLPHHTXDOWRDQGGD\V
202   G. Galoppi et al. /  Energy Procedia  81 ( 2015 )  193 – 204 
$QLPSRUWDQWSDUDPHWHULQYHVWLJDWHGZDVWKHPDVVIORZUDWH7KLVSDUDPHWHUSOD\VDNH\UROHLQWKHKHDWH[FKDQJH
EHWZHHQWKHVXEVRLODQGWKHGRXEOHSLSH6WDUWLQJDWWKHVDPHLQLWLDOFRQGLWLRQWKHKLJKHULVWKHPDVVIORZUDWHWKH
JUHDWHULVWKHIORZYHORFLW\DQGWKHFRQYHFWLYHKHDWWUDQVIHUFRHIILFLHQW)LJDVKRZVWKHWUHQGRIWKHWKHUPDOIOX[HV
ZLWKGLIIHUHQWPDVVIORZUDWHVIORZLQJ LQ WKHGRXEOHSLSH(YHQ WKRXJKLQ WKHILUVWGD\V WKH\DUHVWURQJO\UHODWHG
SURJUHVVLYHO\WKHLQIOXHQFHRIPDVVIORZUDWHGHFUHDVH7KLVLVGXHWRDIDVWHUUHGXFWLRQRIWKHVXEVRLOWHPSHUDWXUHLQ
FDVHRIJUHDWHUIOXLGYHORFLWLHV)XUWKHUPRUHWKHPDVVIORZUDWHYDOXHVLQIOXHQFHWKHIOXLGWHPSHUDWXUHUHDFKHGGXULQJ
WKHWUDQVLHQWWLPHWKHJUHDWHUWKHPDVVIORZUDWHWKHORZHUWKHWHPSHUDWXUH)LJE


)LJ+HDWIORZUDWHWUHQGDDQGIOXLGRXWSXWWHPSHUDWXUHEIRUGLIIHUHQWYDOXHVRIWKHPDVVIORZUDWH
)RUVDNHRIFRPSOHWHQHVVWKHHVWLPDWLRQRIWKHSRZHURXWSXWRIDQ25&V\VWHPFRXSOHGZLWKWKHGRXEOHSLSHZDV
HVWLPDWHG1REDFNXSERLOHUZDVFRQVLGHUHGDQGWKHIOXLGIURPWKHGRXEOHSLSHZDVGLUHFWO\VHQWWRWKHH[SDQGHU
LQOHW$PDVVIORZUDWHRINJVLVREXWDQHDQGDWHPSHUDWXUHDVUHSRUWHGLQ)LJEZDVFRQVLGHUHG7KLVPDVVIORZ
UDWHLVWKHRQO\RQHWKDWJXDUDQWHHVWRKDYHDWHPSHUDWXUHJUHDWHUWKDQWKHVDWXUDWLRQWHPSHUDWXUHDWEDUDOO\HDU
ORQJ$FFRUGLQJWRVLPLODUH[DPSOHVLQWKHOLWHUDWXUH>@QRLQWHUQDOUHFRYHU\EHWZHHQWKHFRQGHQVHURXWSXWDQGWKH
GRXEOHSLSHLQOHWZDVSUHVHQW7KHFRQGHQVHUZDVVXSSRVHGWRZRUNDWEDUFRUUHVSRQGLQJWR&7KHSRZHU
RXWSXWZDV FRPSXWHG DV WKHPDVV IORZ UDWH IRU WKH HQWKDOS\ YDULDWLRQ RQ WKH H[SDQGHU 7KH H[SDQGHU LVHQWURSLF
HIILFLHQF\ZDVFDOFXODWHGDFFRUGLQJWR(T>@>@ZKHUHWKHGHVLJQFRQGLWLRQVDUHWKRVHRIVDWXUDWHGYDSRUDW
EDU&FRUUHVSRQGLQJWRDȘdesRI


)LJ3RZHUWUHQGZLWKP NJV
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,Q)LJWKHSRZHUSURGXFHGE\WKHSODQWGXULQJ\HDULVVKRZQ7KLVUHVXOWLVLQFRQWUDVWZLWKSUHYLRXVVWXGLHV
WKDWGXHWRDQRWDFFXUDWHPRGHOOLQJRIWKHWUDQVLHQWEHKDYLRURIWKHV\VWHPVKRZHGRYHUHVWLPDWHGSRZHURXWSXWVIRU
VLPLODUFRQILJXUDWLRQV
&RQFOXVLRQV
$FRPELQHGPRGHOZDVGHYHORSHGWRVWXG\WKHKHDWWUDQVIHUEHWZHHQDGRXEOHSLSHKHDWH[FKDQJHUDQGWKHVXEVRLO
LQJHRWKHUPDODSSOLFDWLRQVLQRUGHUWRHYDOXDWHWKHIHDVLELOLW\RIWKLVW\SHRISRZHUSODQW$'PRGHOZDVXWLOL]HGIRU
PRGHOLQJ WKH WXEH WKDW ZDV GLYLGHG LQ FRQWURO YROXPHV DQG VROYHG LWHUDWLYHO\ $ ' D[LV\PPHWULF PRGHO ZDV
GHYHORSHG WR PRGHO WKH FRQGXFWLYH KHDW WUDQVIHU WKURXJK WKH VXUURXQGLQJ URFNV DQG WKH VWUXFWXUDO FHPHQW 7KH
WUDQVLWRU\ZDVUHFRQVWUXFWHGE\VLPXODWLQJFRQVHFXWLYHWLPHVWHSVLQWKH'PRGHOZKHUHWKHERXQGDU\FRQGLWLRQV
UHVXOWLQJIURPWKH'PRGHOZHUHNHSWFRQVWDQW7KHGXUDWLRQRIWKHWLPHVWHSZDVLQFUHDVHGLQYHUVHO\WRWKHKHDW
IOX[&DPSL)OHJUHLDQG LQSDUWLFXODU WKH0RIHWH]RQHZDVFKRVHQDVDFDVH VWXG\VLQFH WKH VXEVRLO WHPSHUDWXUH
GLVWULEXWLRQZDVNZRQIURPDSUHYLRXVH[SHULPHQWDOFDPSDLJQDQGLVREXWDQHZDVFKRVHQDVWKHRUJDQLFZRUNLQJIOXLG
,QRUGHUWRYDOLGDWHWKHSURFHGXUHWKHEHKDYLRURIWKHPDLQSDUDPHWHUVVXFKDVWKHWHPSHUDWXUHDQGWKHSUHVVXUH
RIWKHIOXLGDQGWKHUDGLXVRILQIOXHQFHZDVDQDO\]HGGXULQJWKHIXQFWLRQLQJ$VH[SHFWHGWKHPDVVIORZUDWHKDVEHHQ
RQHRIPRVWFUXFLDOSDUDPHWHULQWKHVWDELOLW\V\VWHP7KHJUHDWHUWKHPDVVIORZWKHORZHUWKHRXWSXWWHPSHUDWXUHRI
WKHIOXLGDIWHUDVSHFLILFSHULRG%\UHGXFLQJWKHPDVVIORZUDWHIURPNJVWRNJVDIWHU\HDUWKHIOXLGRXWSXW
WHPSHUDWXUHLQFUHDVHVRIPRUHWKDQ&7KHSRZHUSURGXFHGE\DW\SLFDORUJDQLF5DQNLQHF\FOHZLWKDPDVVIORZ
UDWHRINJVZKLFKJXDUDQWHHVDWUHJLPHDWHPSHUDWXUHJUHDWHUWKDQWKDWRIVDWXUDWLRQZDVVWXGLHG7KHORQJWHUP
SRZHUSURGXFWLRQWXUQHGRXWWREHN:WKDWLVIDUPRUHUHDVRQDEOHWKDQSUHYLRXVVWXGLHVRQVLPLODUSODQWRSHUDWLQJ
LQVLPLODUFRQGLWLRQV)XUWKHUPRUHWKLVVWXG\VKRZHGWKDWWKHUDGLXVRILQIOXHQFHFDOFXODWHGZLWKDFRUUHODWLRQSUHVHQW
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5HIHUHQFHV
>@ )DFmR-2OLYHLUD$&$QDO\VLVRIHQHUJHWLFGHVLJQDQGRSHUDWLRQDOFULWHULDZKHQFKRRVLQJDQDGHTXDWHZRUNLQJIOXLGIRUVPDOO25&V\VWHPV
/DNH%XHQD9LVWD)ORULGD86$,0(&(
>@ $QGHUVHQ$%UXQR75DSLGVFUHHQLQJRIIOXLGVIRUFKHPLFDOVWDELOLW\LQ2UJDQLF5DQNLQHF\FOHDSSOLFDWLRQV,	(&
>@ 6KHQJMXQ=+XDL[LQ:7DR*3HUIRUPDQFHFRPSDULVRQDQGSDUDPHWULFRSWLPL]DWLRQRI VXEFULWLFDO2UJDQLF5DQNLQH&\FOH 25&DQG
WUDQVFULWLFDOSRZHUF\FOHV\VWHPIRUORZWHPSHUDWXUHJHRWKHUPDOSRZHUJHQHUDWLRQ$SSOLHG(QHUJ\
>@ +HWWLDUDFKFKL+'0*ROXERYLF0:RUHN:0,NHJDPL<2SWLPXPGHVLJQFULWHULDIRUDQRUJDQLF5DQNLQHF\FOHXVLQJORZWHPSHUDWXUH
JHRWKHUPDOKHDWVRXUFHV(QHUJ\±
>@ )UDQFR$9LOODQL02SWLPDOGHVLJQRIELQDU\F\FOHSRZHUSODQWVIRUZDWHUGRPLQDWHGPHGLXPWHPSHUDWXUHJHRWKHUPDOILHOGV*HRWKHUPLFV

>@ %DULD5%DXPJDUWQHU-5XPPHO)3LQH5-6DWR<+'5+:5UHVHUYRLUVFRQFHSWVXQGHUVWDQGLQJDQGFUHDWLRQ*HRWKHUPLFV

>@ %DUELHU(*HRWKHUPDOHQHUJ\WHFKQRORJ\DQGFXUUHQWVWDWXVDQRYHUYLHZ5HQHZDEOH	6XVWDLQDEOH(QHUJ\5HYLHZ
>@ *DOOXS'/3URGXFWLRQHQJLQHHULQJLQJHRWKHUPDOWHFKQRORJ\DUHYLHZ*HRWKHUPLFV
>@ 'L3LSSR5*HRWKHUPDOSRZHUSODQWVSULQFLSOHVDSSOLFDWLRQVFDVHVWXGLHVDQGHQYLURQPHQWDOLPSDFW2[IRUG(OVHYLHU
>@&KDPRUUR&50RQGpMDU0(5DPRV5 6HJRYLD --0DUWtQ0&9LOODPDxiQ0$:RUOG JHRWKHUPDO SRZHU SURGXFWLRQ VWDWXV(QHUJ\
HQYLURQPHQWDODQGHFRQRPLFVWXG\RIKLJKHQWKDOS\WHFKQRORJLHV(QHUJ\
>@'DYLV$30LFKDHOLGHV((*HRWKHUPDOSRZHUSURGXFWLRQIURPDEDQGRQHGRLOZHOOV(QHUJ\
>@.XMDZD71RZDN:6WDFKHO$$8WLOL]DWLRQRIH[LVWLQJGHHSJHRORJLFDOZHOOVIRUDFTXLVLWLRQVRIJHRWKHUPDOHQHUJ\(QHUJ\

>@&KDUQ\L,$0RYHPHQWRIWKHERXQGDU\RIFKDQJHLQDJJUHJDWHVWDWHZLWKERG\FRROLQJRUKHDWLQJ,]Y271$166651R
>@&KDUQ\L,$+HDWLQJRIDFULWLFDODUHDRIIRUPDWLRQLQSXPSLQJRIKRWZDWHULQWRDZHOO1HIW.KR]1R
>@%X;0D:/L+*HRWKHUPDOHQHUJ\SURGXFWLRQXWLOL]LQJDEDQGRQHGRLODQGJDVZHOOV5HQHZDEOH(QHUJ\
>@&KHQJ://L771LDQ</:DQJ&/6WXGLHVRQJHRWKHUPDOSRZHUJHQHUDWLRQXVLQJDEDQGRQHGRLOZHOOV(QHUJ\
>@.KDODM]DGHK 9 +HLGDULQHMDG * 6UHEULF - 3DUDPHWHUV RSWLPL]DWLRQ RI D YHUWLFDO JURXQG KHDW H[FKDQJHU EDVHG RQ UHVSRQVH VXUIDFH
PHWKRGRORJ\(QHUJ\DQG%XLOGLQJV
204   G. Galoppi et al. /  Energy Procedia  81 ( 2015 )  193 – 204 
>@/L==KHQJ0'HYHORSPHQWRIDQXPHULFDOPRGHOIRUWKHVLPXODWLRQRIYHUWLFDO8WXEHJURXQGKHDWH[FKDQJHUV$SSOLHG7KHUPDO(QJLQHHULQJ

>@=DQFKLQL(/D]]DUL63ULDURQH$,PSURYLQJWKHWKHUPDOSHUIRUPDQFHRIFRD[LDOERUHKROHKHDWH[FKDQJHUV(QHUJ\
>@0RWWDJK\''LMNVKRRUQ/,PSOHPHQWLQJDQHIIHFWLYHILQLWHGLIIHUHQFHIRUPXODWLRQIRUERUHKROHKHDWH[FKDQJHUVLQWRDKHDWDQGPDVVWUDQVSRUW
FRGH5HQHZDEOH(QHUJ\
>@&DUOLQR66RPPD57URLVH&'H1DWDOH*7KHJHRWKHUPDOH[SORUDWLRQRI&DPSDQLDQYROFDQRHV+LVWRULFDOUHYLHZDQGIXWXUHGHYHORSPHQW
5HQHZDEOH	6XVWDLQDEOH(QHUJ\5HYLHZV
>@&RUUDGR*'H/RUHQ]R60RQJHOOL)7UDPHFHUH$=LWR*6XUIDFHKHDW IORZGHQVLW\DW WKH3KOHJUHDQ ILHOGVFDOGHUD 6RXWKHUQ ,WDO\
*HRWKHUPLFV
>@dHQJHO<$7HUPRGLQDPLFDHWUDVPLVVLRQHGHOFDORUH0LODQR0F*UDZ+LOO
>@ )OXHQW)OXHQW7KHRU\*XLGH
>@&DOLVH)&DSXR]]R&&DURWHQXWR$9DQROL/7KHUPRHFRQRPLFDQDO\VLVDQGRIIGHVLJQSHUIRUPDQFHRIDQRUJDQLF5DQNLQHF\FOHSRZHUHG
E\PHGLXPWHPSHUDWXUHKHDWVRXUFHV6RODU(QHUJ\
>@*DEEULHOOL5$QRYHOGHVLJQDSSURDFKIRUVPDOOVFDOHORZHQWKDOS\ELQDU\JHRWKHUPDOSRZHUSODQWV(QHUJ\&RQYHUVLRQDQG0DQDJHPHQW

>@.HHOH\.5$WKHRUHWLFDOLQYHVWLJDWHRIWKHSDUWORDGFKDUDFWHULVWLFVRI/3VWHDPWXUELQHVWDJHV&(*%PHPRUDQGXP5'/(60
8.&HQWUDO(OHFWULFDO*HQHUDWLQJ%RDUG


